Chronic liver injury of many etiologies produces liver fibrosis and may eventually lead to the formation of cirrhosis. Fibrosis is part of a dynamic process associated with the continuous deposition and resorption of extracellular matrix, mainly fibrillar collagen. Studies of fibrogenesis conducted in many organs including the liver demonstrate that the primary source of the extracellular matrix in fibrosis is the myofibroblast. Hepatic myofibroblasts are not present in the normal liver but transdifferentiate from heterogeneous cell populations in response to a variety of fibrogenic stimuli. Debate still exists regarding the origin of hepatic myofibroblasts. It is considered that hepatic stellate cells and portal fibroblasts have fibrogenic potential and are the major origin of hepatic myofibroblasts. Depending on the primary site of injury the fibrosis may be present in the hepatic parenchyma as seen in chronic hepatitis or may be restricted to the portal areas as in most biliary diseases. It is suggested that hepatic injury of different etiology triggers the transdifferentiation to myofibroblasts from distinct cell populations. Here we discuss the origin and fate of myofibroblast in liver fibrosis.
Introduction
Liver fibrosis results from continuous injury to the liver, including viral hepatitis, alcohol abuse, metabolic diseases, autoimmune diseases, and cholestatic liver diseases. In other words, fibrosis is a consequence of the excessive healing response triggered by chronic liver injury. The end stage of liver fibrosis, cirrhosis, is histologically characterized by increased deposition and altered composition of the extracellular matrix (ECM) and the appearance of regenerative nodules. 1 The destruction of the normal architecture and the loss of hepatocytes prevent the liver from its normal synthetic and metabolic function. Thus, the fibrogenic evolution progresses to cirrhosis, liver failure, and hepatocellular cancer. 2 There is increasing evidence that the hepatic fibrosis is reversible if the stimuli are successfully removed. 3 However, only subsets of liver diseases are treated effectively, and there are no specific treatments for liver fibrosis. An ideal anti-fibrogenic therapy would be liver-specific and effective in attenuating excessive ECM deposition. 4 In all clinical and experimental liver fibrosis, myofibroblasts are the source of the ECM constituting the fibrous scar. Myofibroblasts are only found in the injured, but not the normal, liver. Thus, the activated myofibroblast is a pivotal player in development of liver cirrhosis, and has recently attracted interest as a therapeutic target. However, the origin of the hepatic myofibroblast is still unclear, and perhaps the fibrosis induced by different types of liver injury results from different fibrogenic cells. Hepatic myofibroblasts may originate from bone marrow-derived mesenchymal cells and fibrocytes, 5 but only a small contribution of BM derived cells to the myofibroblast population has been detected in experimental liver fibrosis. Another mechanism implicated in fibrogenesis is the epithelial-to-mesenchymal transition (EMT), in which epithelial cells acquire features of mesenchymal cells and may give rise to fully differentiated myofibroblasts. 6 , 7 However, recent cell fate mapping studies have failed to detect any hepatic myofibroblasts originating from hepatocytes, cholangiocytes, or epithelial progenitor cells. Endothelial-to-mesenchymal transition (EndMT), when endothelial cells undergo a similar phenotypic change to myofibroblasts 8 , 9 is a theoretically, but not yet assessed source of liver myofibroblasts. Thus, the major sources of myofibroblasts in liver fibrosis appear to be the endogenous liver mesenchymal cells, the hepatic stellate cells and the portal fibroblasts.
Myofibroblasts
The origin of fibrogenic hepatic myofibroblasts has been intensively discussed and investigated, and several sources of myofibroblasts have been identified 10 -13 (Fig. 1 ). In the fibrotic liver, hepatic stellate cells (HSCs) have been reported to mainly contribute to the collagen producing cells. 1 Therefore, HSCs are currently considered to be the major, but not the only, source of hepatic myofibroblasts in liver injury. 14 Myofibroblasts are characterized by a stellate shape and expression of specific markers. 15 In response to fibrogenic stimuli, pro-fibrogenic cells are converted to myofibroblasts. They express α-smooth muscle actin (α-SMA), secrete ECM (e.g. collagen type I and III, fibronectin) and are highly contractile. 14 Classical myofibroblasts differentiate from a mesenchymal lineage and, therefore, lack expression of lymphoid markers such as CD45 or CD34.
The origins of myofibroblasts Hepatic stellate cells
Hepatic stellate cells (HSCs) are perisinusoidal cells that normally reside in the space of Disse and have stored lipid droplets. 2 , 16 Under normal conditions, HSCs are present in the space of Disse and exhibit a quiescent phenotype. HSCs express neural markers, such as glial fibrilar acidic protein (GFAP), synemin, synaptophysin, 1 and nerve growth factor receptor p75, 17 , 18 desmin, secrete HGF, and store vitamin A in lipid droplets. 19 In response to chronic liver injury, quiescent HSCs are activated, release vitamin A and acquire contractility. Upon activation, HSCs change their morphology to become myofibroblasts, migrate to the site of injury, downregulate neural markers and upregulate mesenchymal markers, (e.g. collagen α1(I), α-SMA, and fibronectin).
Portal fibroblasts
Portal fibroblasts are spindle shaped cells that are present in the portal area. Under normal conditions, they participate in physiological ECM turnover 14 , 20 -22 and do not express α-SMA. It is induced mostly by cholestatic liver injury, 23 that portal fibroblasts proliferate 24 and secrete collagen around portal tracts. 25 Portal fibroblasts are distinct from HSCs in that they do not have vitamin A droplets, but express elastin and Thy-1.1 (a glycophosphatidylinositol-linked glycoprotein of the outer membrane leaflet described in fibroblasts of several organs). 26 , 27 A proteomics study demonstrated that myofibroblasts derived from portal mesenchymal cells express much higher levels of cofilin-1 than activated HSCs. Portal fibroblasts do not express cytoglobin, 28 desmin or GFAP, so that these markers are useful to identify myofibroblasts derived from HSCs. In chronic cholestatic disorders, the fibrosis is initially located around portal tracts (Fig. 2) . The histological findings of liver fibrosis combined with immunohistochemistry using these specific markers demonstrate that portal fibroblasts contribute to myofibroblasts in cholestatic liver injury. 1
Born marrow derived mesenchymal cells
Born marrow (BM)-derived mesenchymal cells can also differentiate into myofibroblasts. 29 , 30 Myofbroblasts originated from BM-derived mesenchymal cells are seen in fibrotic lungs 31 and liver, 30 and contribute to fibrogenesis. 2 , 30 , 32 By fractionating the BM stem cell compartment, hepatic BM-derived mesenchymal stem cells (MSCs) 30 , 31 may differentiate into hepatic myofibroblasts. MSCs are defined as self-renewable, multipotent progenitor cells with the capacity to differentiate into lineage specific cells that form bone, cartilage, fat, tendon and muscle. 33 , 34 Unlike hematopoietic stem cells, MSCs are more radio-resistant 35 and reside mostly in BM stroma, do not express hematopoietic markers and can be isolated as Lin − CD45 − CD31 − CD34 − CD133 − Sca-1 + Vitamin A − cells. 36 , 37 Whether BM-derived myofibroblasts contribute to ECM deposition in the course of liver fibrosis is unknown. In experimental liver fibrosis, only a small contribution of BM-derived cells to the myofibroblast population has been detected. 38 
Epithelial-to-mesenchymal transition
Epithelial-to-mesenchymal transition (EMT) is an important biological concept that describes the reversible transition of differentiated epithelial cells into mesenchymal cells with increased motility and changes in gene expression. Previous studies in the kidney and in the lung proposed that EMT occurs during fibrosis in those organs, and this concept was extrapolated to liver fibrosis. 39 Primary cell culture studies have clearly demonstrated that cholangiocytes and hepatocytes undergo a change in the phenotype and gene expression toward a mesenchymal cell, especially after incubation with transforming growth factor (TGF)-β, which is the cytokine most closely associated with EMT. 40 However, the more recent reports provide strong evidence against EMT in the liver as a source of myofibroblasts. 41 These studies use lineage tracing, such as by marking hepatic epithelial progenitor cells. Such mice are generated by crossing the α-fetoprotein (AFP) Cre mouse with the ROSA26YFP stop mouse to trace the fate of any cell ever expressing AFP. As expected, all cholangiocyutes, hepatocytes, and oval cells were genetically labeled, because they are derived from a common AFP-expressing precursor cell. Furthermore, the critical result was that after inducing liver fibrosis by a variety of methods, none of the resulting myofibroblasts originated from the genetically marked epithelial (AFP + ) cells (Fig. 3) .
Conclusions
Myofibroblasts are the source of the fibrous scar in liver fibrosis. Hepatic myofibroblasts are transdifferentiated from heterogeneous cell populations in response to variety fibrogenic stimuli. According to the most recent studies, the major sources of hepatic myofibroblasts in experimental liver fibrosis are hepatic stellate cells and portal fibroblasts. The role of EMT in liver fibrosis has been recently questioned. As a first approximation, myofibroblasts generated in hepatotoxic liver injury appear to originate from HSCs and myofibroblasts generated in cholestatic liver injury may originate from portal fibroblasts (Fig. 2) . 
